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BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001 J The present invention pertains to biometric imaging technology, and in 

particular, to live scanning of fingerprints and/or palm prints. 

Background Art 

[0002] Biometric imaging systems may include, but are not limited to, 

fingerprint imaging systems and palm print imaging systems. Such print imaging 
systems are also referred to as scanners or live scanners. Conventional live 
scanners use light to detect an image of a fingerprint and/or palm print. , One or 
more fingers or palms are placed on a platen. An illumination source illuminates 
the underside of the platen. An image representative of valleys, ridges, or other 
characteristics of a fingerprint or a palm print is then detected by an image sensor, 
such as, a solid-state camera. 

[0003] The illumination source must have sufficient power so that a high quality 

image representative of a print is detected by the image sensor. Often the optical 
system employed in a print scanner is telecentric which further increases the 
power required at the illumination source. In a telecentric system an aperture is 
used to limit light passing through the optical system. In this way, only light rays 
traveling within a range of angles at or near a direction along an optical axis are 
detected. Such telecentricity improves the image quality and reduces blurring, 
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but has a drawback in that increased power is required at the illumination source 
to ensure that sufficient light passes through the aperture of the optical system to 
the image sensor. 

[0004] Collimated light has been used in an illumination source for a print 

scanner to reduce the power required. A collimated lens collimates incoming 
light rays so that collimated light rays exit which travel parallel to one another. 
Because the rays are made parallel they travel efficiently through a telecentric 
optical system. FIG. 1 A shows an example of a collimated light source lighting 
technique. A single discrete light source 1 1 0 emits light over an area as indicated 
by example rays 112. The actual emission area depends upon the type of emitter 
and other factors such as whether a lens, light guide or other optical element is 
provide to focus or guide the emitted light. A subset 115 of rays 112 are 
collimated by collimating lens 120 and emerge as parallel rays 125. The subset 
rays 1 1 5 are those rays within an angular range A at the focal point of collimating 
lens 120 as shown in FIG. 1A. 

[0005] Collimated illumination source lighting techniques provide a relatively 

efficient, low power source especially in a telecentric optical system, but lack 
sufficient good grey scale shading for uses in high-quality fingerprint and/or palm 
print scanners. FIG. IB shows an example conventional fingerprint or palm print 
scanner using collimated illumination in a telecentric optical system. A single 
discrete light source 110 emits red light which is collimated by collimating lens 
120 before illuminating a prism 130. In this case, a top surface of prism 130 
serves as a platen. The collimated light illuminates the underside of prism 130. 
When one or more fingers or palms are placed on prism 130, an image 
representative of valleys, ridges, and other characteristics of a fingerprint or a 
palm print is then focused by imaging lens 140 to aperture 150, and then further 
focused by imaging lens 160 to a focal plane/sensor plane 170. One or more 
image sensors, such as, solid-state cameras (CCD or CMOS cameras) detect the 
image. The use of collimated light improves the efficiency in which light travels 
through the telecentric optical system from the collimating lens 120 to the prism 



1823.0560000 



-3- 



130 and eventually through aperture 1 50 to an image sensor at focal plane/sensor 
plane 170. 

[0006] While the collimated light is efficient, such illumination can produce print 

images having limited or no grey scale shading because the light rays incident on 
a platen are generally parallel. Such parallel rays are then either reflected or 
absorbed by a biometric object, such as, a finger or palm ridge. This tends to 
create a high contrast print having essentially black and white values only and no 
r _ grey shade values. Such high contrast prints (also called binary prints) do not 

M- provide the full spectrum of grey shades required for many applications such as, 

111 fbrensics, law enforcement, security, and anti-terrorism. This can result in 

r 2 unacceptable images being captured especially in cases where significant pressure 

JJJ is placed on a finger or palm during the live scan. 

l [0007] As an alternative to collimated lighting techniques, print scanners have 

h* used diffuse source lighting. Diffuse light includes rays traveling jn many 

% I different directions which tends to provide a flat, uniform illumination with good 

J;* fill. In a print scanner, such diffuse light allows good grey scale shades to be 

% hi- 

detected since light traveling in a number of different directions is incident on a 
platen. One disadvantage is the illumination power required is high, especially 
in a print scanner having a telecentric optical system. The high power required 
means more light sources need to be used which, among other things, increases 
cost and the amount of heat generated. 
[0008] FIG. 2 shows an example print scanner using a diffuse light source 205 

that illuminates prism 130. Diffuse light source 205 includes a discrete emitter 
array 2 1 0 and a diffuser 220. Discrete emitter array 2 1 0 is made up a number of 
evenly spaced light emitting diodes that emit red light. As shown schematically 
in FIG. 2, diffuse light source 205 is an inefficient light source for generating an 
image and passing the image to an image sensor in a telecentric system. Diffuse 
light travels randomly or in different directions and is not transmitted through an 
entire telecentric system. For instance, much of the light is blocked by aperture 
150. Such inefficiency in illumination of a print scanner is undesirable as it 
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increases the number of emitters needed in array 210 and the power requirements 
of array 210. This problem is even more acute for telecentric print scanners 
where flat, uniform illumination is needed across a relatively large platen, such 
as, a platen big enough to allow capture of images for a roll print or slap print of 
one or more fingers, or a palm print. 
[0009] In sum, the above drawbacks of using either collimation or diffuse 

illumination approaches in a print scanner need to be overcome. Other needs 
also exist in print scanner illumination. These needs include: a need for improved 
diffuse illumination of a print scanner, a need for providing a greater dynamic 
range of grey shading output from a camera, and a need for providing more 
uniform illumination from an illumination source array with flexible control. 

BRIEF SUMMARY OF THE INVENTION 

[0010] The present invention provides systems and methods for illuminating a 

platen. The present invention, among other things, overcomes the above 
drawbacks and meets the above needs. Four techniques for improving print 
scanner illumination are provided. The first technique involves hybrid 
illumination systems and methods that use both diffusion and collimation. The 
second technique involves diffuse light illumination systems and methods that 
use a light wedge. The third technique involves use of a non-uniform 
illumination source array and use of independent and/or zone controlled light 
sources. The fourth technique involves use of blue/green light. Each of these 
techniques can be used alone or in different combinations as described herein 
with respect to embodiments of the present invention. 

[0011] According to one embodiment of the present invention, a hybrid 

illumination system provides illumination to a platen in a print scanner. The 
hybrid illumination system uses both diffusion and collimation to efficiently 
provide a flat, uniform illumination at a platen. An illumination source array 
emits light from a plurality of discrete light sources. One or more diffusers are 
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disposed between the illumination source array and a collimating lens. At least 
part of the light emitted from the plurality of discrete light sources passes through 
at least one diffuser and then through a collimating lens. Each diffuser serves to 
randomize light so that a flat, uniform illumination is obtained at the platen. The 
individual cones of light initially emitted from the discrete sources are no longer 
visible. The collimating lens increases the efficiency of the illumination system 
and reduces the power requirements of the illumination source array. Fewer light 
sources are needed. This efficiency is especially advantageous in a telecentric 
optical system of a print scanner. 
[0012] In one embodiment, the hybrid illumination system has one diffuser. The 

diffuser is provided near the collimating lens. Alternatively, the diffuser can be 
provided near the illumination source array or at any other location between the 
illumination source array and collimating lens depending upon a particular 
design. 

[0013] In another embodiment, the hybrid illumination system has two diffusers. 

One diffuser is provided near the illumination source array and the other diffuser 
is provided near the collimating lens. In one example, two holographic diffusers 
are used. In another example, a holographic diffuser is provided near the 
collimating lens while a cheaper glass or plastic diffuser is provided near the 
illumination source array. In still another example, a glass or plastic diffuser is 
provided near the collimating lens and a glass or plastic diffuser is provided near 
the illumination source array. 

[0014] The examples are illustrative and not intended to limit the present 

invention. Any type of diffuser can be used including, but not limited to, a glass 
type diffuser, plastic type diffuser, or a holographic diffuser. In general, 
holographic diffusers are more efficient but are also more expensive than glass 
or plastic diffusers. 

[0015] According to a further embodiment, an illumination system is provided 

which uses diffuse light to illuminate a platen in a print scanner. The 
illumination system has an illumination source array and a light wedge. The light 
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wedge reflects light internally which makes the illumination even more diffuse. 
The light wedge has one end surface that receives light emitted from the 
illumination source array. The light wedge also has a reflective surface that 
reflects light out of the light wedge toward the platen. The reflective surface can 
be any type of reflective surface. In one example, a reflective layer of paint such 

as white, gold or silver paint is applied to the wedge surface. According to a 
further feature, the wedge reflective surface is roughened and a reflective paint 
layer is applied. Light incident on the wedge is diffuse, reflective surface is then 
made even more diffuse. In one embodiment, a diffixser is also provided near the 
light wedge such that light passes out from the light wedge to the diffuser before 
illuminating the platen. 

[0016] According to a further feature of the present invention, an illumination 

source array is made up of a plurality of sources divided into at least a center 
region and a perimeter region. The density of sources provided in the perimeter 
region is greater than in the center region to correct for natural light falloff in the 
illumination system. In another embodiment, the illumination source array is 
made up of a plurality of sources divided into at least a center region, one or more 
intermediate regions, and a perimeter region. The density of each region is 
progressively higher toward the perimeter to correct for natural light falloff in the 
illumination system. The density of sources provided in the perimeter region is 
greatest and the density of sources provided in the center region is least. The 
density of sources provided in each intermediate region is in between that of the 
perimeter and center regions. 

[0017] According to a further feature of the present invention, the intensity of 

each source of an illumination source array can be independently controlled 
relative to other sources. For example, each source can be a light emitting diode 
which is individually current controlled to correct for or minimize drift and to 
ensure a flat, uniform illumination is provided to a platen. 

[0018] According to a further feature of the present invention, the illumination 

source array is divided into zones. In one embodiment, a plurality of sources are 
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divided into at least three groups in at least three respective zones. The intensity 
of each group of sources is independently controlled relative to other groups such 
that a flat, uniform illumination is provided to the platen. Use of such zones 
simplifies control while still retaining sufficient flexibility to adjust the relative 
intensity of the light source groups to ensure flat, uniform illumination is 
provided to a platen. 

[0019] According to a further feature of the present invention, an illumination 

source array comprises a plurality of sources that emit blue/green light. In one 
preferred example, the blue/green light is equal to or approximately equal to 
510 nm. A method includes the steps of emitting blue/green light from a plurality 
of discrete sources, and illuminating a platen with at least part of the emitted 
blue/green light. Compared to conventional red light operating at 650 nm, the 
inventors found that blue/green light increases the dynamic range of grey scale 
shading in an image of a print of a finger or palm detected with a print scanner. 

[0020] According to another embodiment, a method provides flat, uniform 

illumination efficiently to a platen. The method includes the steps of emitting 
light from a plurality of discrete sources, randomizing the emitted light to obtain 
diffuse light, collimating at least part of the diffuse light, and illuminating the 
platen such that an image of a print of a finger or palm placed on the platen can 
be obtained. The randomizing step can include passing the emitted light through 
at least one diffuser or through a light wedge. In one example, the emitting step 
includes emitting blue/green light. 

[0021] Prior to the emitting step, an arranging step includes arranging the 

plurality of discrete sources into at least a center region and a perimeter region 
wherein the density of sources provided in the perimeter region is greater than in 
the center region. Another step which can be performed is independently 
controlling the intensity of each source relative to other sources such that a flat, 
uniform illumination is provided to the platen. 

1823.0560000 



-8- 

[0022] According to a further embodiment, a system for providing fiat, uniform 

illumination efficiently to a platen includes means for emitting light, means for 
randomizing at least part of the emitted light to obtain diffuse light, and means 
for collimating at least part of the diffuse light In this way, a portion of the 
diffuse light is collimated and falls on the platen as collimated light, while 
remaining diffuse light falls on the platen as diffuse light. The platen is 
illuminated with this collimated, diffuse light such that a high contrast image of 
a print of a finger or palm placed on the platen is obtained. 

[0023] Further embodiments, features, and advantages of the present inventions, 

as well as the structure and operation of the various embodiments of the present 
invention, are described in detail below with reference to the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE FIGURES 

[0024] The accompanying drawings, which are incorporated herein and form a 

part of the specification, illustrate the present invention and, together with the 
description, further serve to explain the principles of the invention and to enable 
a person skilled in the pertinent art to make and use the invention. In the 
drawings: 

[0025] FIG. 1 A shows an example of a conventional collimated light source 

lighting technique. 

[0026] FIG. IB is a diagram of a conventional fingerprint scanner having a 

collimated illumination system. 

[0027] FIG. 2 is a diagram of a conventional fingerprint scanner having a diffuse 

illumination system. 

[0028] FIG. 3 A is a diagram of a print scanner having a hybrid collimated/diffuse 

illumination system according to an embodiment of the present invention. 
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[0029] FIG. 3B is a diagram that illustrates detection of grey scale shading with 

a print scanner having a hybrid collimated/diffuse illumination system according 

to an embodiment of the present invention. 
[0030] FIG. 3C is a diagram that illustrates a hybrid collimated/diffuse 

illumination system according to another embodiment of the present invention. 
[0031] FIG. 4 is a diagram of an illumination system that includes a light wedge 

and diffuse optical elements according to an embodiment of the present 

invention. 

[0032] FIG. 5 is a diagram that illustrates diffuse light rays reflected from a 

surface of a light wedge in the illumination system of FIG. 4. 
[0033] FIGS. 6 A, 6B, and 6C illustrate embodiments of a nonuniform 

illumination source array according to a further feature of the present invention. 
[0034] FIG. 6D illustrates an embodiment of a diffuse illumination system 

having a zone-controlled nonuniform illumination source array and a light wedge 

according to an embodiment of the present invention. 
[0035] FIG, 7 is a diagram that illustrates blue/green illumination on a valley and 

ridge of a finger according to an embodiment of the present invention. 
[0036] FIG. 8 is a diagram that illustrates blue/green illumination absorbed into 

a ridge of a finger according to an embodiment of the present invention. 
[0037] The present invention will now be described with reference to the 

accompanying drawings. In the drawings, like reference numbers indicate 

identical or functionally similar elements. Additionally, the left-most digit(s) of 

a reference number identifies the drawing in which the reference number first 

appears. 
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DETAILED DESCRIPTION OF THE INVENTION 

TABLE OF CONTENTS 

1- Overview 

2. Terminology 

3. Hybrid Collimated/Diffuse Illumination System 

4. Illumination System Having a Light Wedge 

5. Non-Uniform Illumination Source and Control 

6. Blue/Green Illumination 

7. Conclusion 

[0038] While the present invention is described herein with reference to 

illustrative embodiments for particular applications, it should be understood that 
the invention is not limited thereto. Those skilled in the art with access to the 
teachings provided herein will recognize additional modifications, applications, 
and embodiments within the scope thereof and additional fields in which the 
present invention would be of significant utility. 

1. Overview 

[0039] The present invention provides illumination for any type of print scanner, 

including, but not limited to, any type of fingerprint and/or palm print scanner. 

2. Terminology 

[0040] To more clearly delineate the present invention, an effort is made 

throughout the specification to adhere to the following term definitions 
consistently. 
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[0041] The term "finger" refers to any digit on a hand including, but not limited 

to, a thumb, an index finger, middle finger, ring finger, or a pinky finger. 

[0042] The term "live scan" refers to a scan of any type of fingerprint and/or 

palm print image made by a print scanner. A live scan can include, but is not 
limited to, a scan of a finger, a finger roll, a flat finger, slap print of four fingers, 
thumb print, palm print, or a combination of fingers, such as, sets of fingers 
and/or thumbs from one or more hands or one or more palms disposed on a 
platen. 

[0043] In a live scan, one or more fingers or palms from either a left hand or a 

right hand or both hands are placed on a platen of a scanner. Different types of 
print images are detected depending upon a particular application. For example, 
a flat print consists of a fingerprint image of a digit (finger or thumb) pressed flat 
against the platen. A roll print consists of an image of a digit (finger or thumb) 
made while the digit (finger or thumb) is rolled from one side of the digit to 
another side of the digit over the surface of the platen. A slap print consists of an 
image of four flat fingers pressed flat against the platen. A palm print involves 
pressing all or part of a palm upon the platen. A platen can be movable or 
stationary depending upon the particular type of scanner and the type of print 
being captured by the scanner. • 

[0044] The terms "biometric imaging system", "scanner", "live scanner", "live 

print scanner", "fingerprint scanner" and "print scanner" are used interchangeably, 
and refer to any type of scanner which can obtain an image of all or part of one 
or more fingers and/ or palm in a live scan. The obtained images can be combined 
in any format including, but not limited to, an FBI, state, or international tenprint 
format. 

[0045] The term "platen" refers to a component that includes an imaging surface 

upon which at least one finger is placed during a live scan. A platen can include, 
but is not limited to, a surface of an optical prism, set of prisms, or set of micro- 
prisms, or a surface of a silicone layer or other element disposed in optical 
contact with a surface of an optical prism, set of prisms, or set of micro-prisms. 
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[0046] The term "collimated, diffuse light" refers to light having rays which have 

passed through at least one diffuser and a collimating lens. Such collimated, 
diffuse light can include, but is not limited to, first and second portions wherein 
the first portion of collimated, diffuse light falls on a platen as collimated light 
and a second portion of collimated, diffuse light falls on the platen as diffuse 
light. 

3 . Hybrid Collimated/Diffuse Illumination System 

[0047] FIG. 3 A is a diagram of a live print scanner 300 having a hybrid 

collimated/diffuse illumination system 302 according to an embodiment of the 
present invention. Live print scanner 300 detects images of a finger and/or palm 
placed on a platen. A platen is any surface on which a finger or palm is placed 
in print scanner 300. In the embodiment shown in FIG. 3 A, the platen 342 is the 
top surface of prism 340 or any other surface that receives illumination from the 
top of the prism 340. For example, platen 342 can be a silicone layer or other 
protective layer or element provided on top of or in optical contact with prism 
340. 

[0048] Light from hybrid collimated/diffuse illumination system 302 illuminates 

platen 342. When a finger is placed on platen 342, an image representative of a 
fingerprint is then reflected from platen 342 through prism 340 for subsequent 
detection by one or more cameras. In one example, light reflects from platen 342, 
exits prism 340, and is focused by imaging lens 350 along an optical axis OA to 
an aperture 360. Light then passes from aperture 360 to an imaging lens 370 for 
detection at a focal plane/sensor plane 380. One or more cameras (not shown) 
can be disposed at focal plane/sensor plane 380 to detect and capture the image 
of a print. This illumination is described further below with respect to FIG. 3B. 

[0049] As shown in FIG. 3 A, hybrid collimated/diffuse illumination system 302 

includes an illumination source array 3 10, a diffuser 320, a holographic diffuser 
325, and a collimating lens 330 disposed along an optical axis. Illumination 
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source array 310 can be any area light source including, but not limited to, an 
array of discrete light emitters, such as, light emitting diodes (LEDs). In one 
embodiment, the illumination source array 310 comprises an array of emitters 
which are evenly spaced. In another embodiment, according to a further feature 
of the invention, illumination source array 310 comprises an array of emitters 
which are not spaced uniformly. For example, illumination source array 310 can 
be a non-uniform illumination source array as described with respect to FIGs. 6 A- 
6D below according to a further feature of the invention. 

[0050] Illumination source array 310 can emit light at a single wavelength or 

narrowband range of wavelengths, such as infrared, visible, and/or ultraviolet 
wavelengths. According to one further feature of the invention, illumination 
source array 310 emits light having a blue/green wavelength ("blue/green light") 
as described further below with respect to an embodiment in FIGs. 7 and 8. 

[0051] At least part of the light from illumination source array 310 passes 

through diffuser 320 and holographic diffuser 325 to collimating lens 330. 
Diffuser 320 and holographic diffuser 325 each act to diffuse light emitted from 
the different individual emitter sources in an array 310. In this way, uniform 
diffuse illumination is input to collimating lens 330. A portion of the diffuse 
light is then collimated by collimating lens 330 and passes along the optical axis 
to prism 340 and platen 342. The remaining diffuse light passed from collimating 
lens 330 falls on the platen as diffuse light. 

[0052] Several advantages are achieved by a hybrid diffuse/collimated 

illumination system according to the present invention. The first portion of the 
diffuse light collimated by collimating lens 330 which passes along the optical 
axis to prism 340 and platen 342 is efficiently transmitted from collimating lens 
330 through aperture 360 to focal plane/sensor plane 380. The presence of 
collimating lens 330 achieves a more efficient transfer of optical power through 
a telecentric print scanner than a diffuse only light source, and reduces the power 
requirements which are needed at illumination source array 3 1 0 by approximately 
two-thirds. The remaining diffuse light passed from collimating lens 330 falls on 
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the platen as diffuse light. Such diffuse light acts as fill light and allows grey 
scale shading of a print to be detected by an image sensor. 
[0053] FIG. 3B illustrates how such advantages are achieved in the operation of 

a hybrid diffuse/collimated illumination system according to the present 
invention. Illumination source array 3 10 is placed at a distance equal to or less 
than the focal length of collimating lens 330. In FIG. 3B ? array 310 is shown 
between a focal point FP of the collimating lens 330 and the lens 330 itself. At 
a . least a part (or portion) of the light emitted by illumination source array 310 will 

C? pass through diffuser 320 (not shown) and diffuser 325. Each diffuser 302, 325 

Lfl acts to randomize the light so that rays travel in many different directions. Only 

S a few rays 3 1 1 , 3 1 2 of the diffuse light are actually shown in FIG. 3B for clarity. 

. 

ill Collimating lens 330 receives all or part of the diffuse light rays 312 from 

5 * £ 

* diffuser 325. A first portion of the diffuse light indicated by rays 314 is 

12 collimated by collimating lens 330 and sent in parallel toward prism 340. This 

n fi fSt portion of rays 314 generally corresponds to that portion of rays 312 

D traveling as if they originated within a cone at focal point FP. The remaining 

portion of diffuse light indicated by rays 316 that passes through collimating lens 
330 falls on the platen as diffuse light. Such diffuse light acts as fill light and 
allows grey scale shading of a print to be detected by an image sensor. 
[0054] FIG. 3B further illustrates how a grey scale shaded image of a finger or 

palm illuminated by rays 314, 316 is obtained. Only one ridge between two 
valleys is illustrated and enlarged for clarity. The figure is illustrative and is not 
an actual ray trace drawn to scale. The total illumination (that is rays 314,316) 
incident upon platen 342 arrives from a number of different directions. Ridges 
act to absorb rays at certain incident angles, while valleys act to reflect rays at 
certain incident angles. The actual angles at which absorption or reflection 
occurs depends upon among other things the indices of refraction of the ridge, the 
air at the valley, and the prism and platen. In addition, for some incident angles, 
diffuse light that falls on the platen surface passes through the platen surface and 
illuminates a valley. Light reflected from the skin of a ridge at the proper angle, 
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then re-enters the prism and is transmitted to the sensor plane. This light 
enhances the grey scale range and provides a more desirable image. 

[0055] Reflected rays 3 1 8 at valley regions are detected as "WHITE" regions by 

an image sensor (shown as regions between points A and B and E and F in FIG. 
3B). Ridge regions where no rays are reflected are detected as "Black" regions 
(shown as a region between points C and D in FIG. 3B). Because of the hybrid 
illumination of the present invention, reflected rays 3 1 9 at regions at the edge of 
a ridge are also detected as "GREY" regions with good grey scale shading (shown 
as regions between points B and C and D and E in FIG. 3B). 

[0056] In one implementation used with a palm print scanner having a platen 

approximately 4 inches by 5 inches, an illumination source array 310 can be 
powered by 30 Watts (compared to 100 Watts if diffuse light only were used) 
and still provide adequate illumination power. The use of diffuser 320 and 
holographic diffuser 325 randomizes the light emitted from illumination source 
array 310 so that cones of light from the discrete emitters are no longer 
distinguishable, a more uniform illumination area is provided, and the diffuse 
component of the total illumination allows grey scale shading to be detected in 
the image. 

[0057] FIG. 3C shows a hybrid collimated/diffuse illumination system 304 

according to a further embodiment of the present invention. Hybrid 
collimated/diffuse illumination system 304 includes an illumination source array 
310, diffuser 320, mirror 322, holographic diffuser 325 and collimating lens 330. 
The presence of mirror 322 provides a more compact arrangement for the hybrid 
collimated/diffuse illumination system 304. Light travels along an optical axis 
from illumination source 310 through diffuser 320 to mirror 322. Mirror 322 
then reflects the light along the optical axis to holographic diffuser 325. A 
portion of the diffuse light is then collimated by collimating lens 330 and passes 
along the optical axis to prism 340 and platen 342, while the remaining diffuse 
light passes through collimating lens 330 and falls on the platen as diffuse light. 
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[0058] Hybrid collimated/diffuse illumination systems 302, 304 are illustrative 

and not intended to limit the present invention. Diffuser 320 can be any type of 
diffuser (e.g., glass, plastic, or holographic). Similarly, diffuser 325 can be any 
type of diffuser including, but not limited to, a holographic type of diffuser. In 
one implementation shown in FIGs. 3 A-3C, a holographic diffuser 325 is used 
because it is very efficient, and a glass or plastic diffuser 320 is used because it 
is less expensive. 

[0059] In general, one or more diffusers of any type may be used in hybrid 

collimated/diffuse illumination systems 302, 304 according to the present 
invention. Accordingly, diffuser 320 or diffuser 325 may be omitted or 
additional diffusers may be added. Diffuser 320 has an advantage in that it is 
located at or near the array of discrete emitter sources thereby making the 
illumination more uniform near the illumination source. Diffuser 325 is provided 
near the collimating lens 330 to further ensure that uniform illumination is input 
to collimating lens 330. Collimating lens 330 is provided near prism 340 to 
ensure at least part of the diffuse light is collimated and efficiently passed to 
prism 340 and through to focal plane/sensor plane 380. These locations are 
illustrative. Diffuser 320 and/or diffuser 325 and collimating lens 330 may each 
be located at different relative locations depending on a particular application or 
configurations. 

[0060] Hybrid collimated/diffuse illumination systems 3 02, 3 04 can be used with 

any type of optical fingerprint and/or palm print scanner including, but not 
limited to, a single finger scanner, multiple finger scanner, palm print scanner, 
rolled finger print scanner, and/or a slap fingerprint scanner. 

4. Illumination System Having a Light Wedge 

[0061] FIGS. 4 and 5 illustrate a further embodiment of the present invention. 

FIG. 4 is a diagram of an illumination system 400 in a print scanner having a 
light wedge 420. An illumination source array 3 1 0 inputs light at a end region 
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426 of light wedge 420. Light is internally reflected within light wedge 420 and 
passes to a reflector/diffuser surface 422, Reflector/diffuser surface 422 is one 
angled face or surface of light wedge 420. Preferably, surface 422 is provided at 
an angle with respect to the optical axis along which light is emitted by 
illumination source 310. In one embodiment, reflector/diffuse surface 422 acts 
to both reflect light and make the reflected light more diffuse. As shown in 
FIG. 5, light rays 500 emitted by illumination source 310 pass through light 
=_ ; wedge 420 to impinge on reflector/diffuser surface 422. Diffuse, reflected rays 

y 510 then pass from surface 422 out through the surface 424 of light wedge 420. 

Ill For clarity, other ray paths illustrating the internal reflection of light within light 

js.ss'i 

S_ 8 

fk wedge 420 are omitted. This internal reflection within light wedge 420 provides 

2 a further advantage, however, as it tends to make the light even more diffuse and 

5.5 5 

* improve grey scale shading. 

m [0062] As shown in FIG. 4, light passing from surface 424 or light wedge 420 

[. J then passes to diffuser 430. Diffuser 430 makes the light even more diffuse so 

W that uniform illumination is provided to platen 342. When a finger is placed on 

ill 

platen 342 as shown in FIG. 4, an image of the finger is then sent through optical 
system 440 to camera system 450 for detection and processing. Optical system 
440 can be any conventional optical system in a print scanner. Similarly, camera 
system 440 can be any type of camera including, but not limited to, one or more 
CCD or CMOS cameras. 

[0063] In one embodiment, reflector/diffuser surface 422 is a layer of highly 

reflecting white paint applied to the surface of a glass light wedge 420. The white 
paint acts as a first diffuser seen by the illumination light source array 310. This 
diffuser acts to remove at least part of the illumination structure caused by the one 
or more cones of light emitted by the light source array 310. The second diffuser 
430 acts to remove more or all of the remaining illumination structure such that 
a uniform illumination is passed to prism 340. 

[0064] An illumination system having a light wedge according to the present 

invention can be used with any type of illumination light source in any type of 
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print scanner. For instance, illumination system 400 having a light wedge 420 
can be used with any type of optical fingerprint and/or palm print scanner 
including, but not limited to, a single finger scanner, multiple finger scanner, 
palm print scanner, rolled finger print scanner, and/or a slap fingerprint scanner. 
As described above, illumination source array 3 1 0 can be any area light source 
including, but not limited to, an array of discrete light emitters, such as, light 
emitting diodes (LEDs) or laser diodes. In one embodiment, the illumination 
source array 310 comprises an array of emitters which are evenly spaced. In 
another embodiment, according to a further feature of the invention, illumination 
source array 310 comprises an array of emitters which are not spaced uniformly. 
For example, illumination source array 310 can be a non-uniform illumination 
source array as described with respect to FIGs. 6A-6D below according to a 
further feature of the invention. 
[0065] Illumination source array 310 can emit light at a single wavelength or 

narrowband range of wavelengths, such as infrared and/or visible wavelengths. 
According to one further feature of the invention, illumination source array 310 
emits light having a blue/green wavelength ("blue/green light") as described 
further below with respect to an embodiment in FIGs. 7 and 8. 

5. Non-Uniform Illumination Source and Control 

[0066] FIGS. 6A, 6B, 6C, and 6D are diagrams of a non-uniform illumination 

source array according to a further feature of the present invention. As shown in 
FIG. 6A, non-uniform illumination source array 600 includes a center region 610 
and perimeter region 612. Non-uniform illumination source array 600 is made 
up of a plurality of discrete emitters such as light emitting diodes (LEDs). Center 
region 610 is an area where the density of emitters is lower than the density of 
emitters in the perimeter region 612. In this way, non-uniform illumination 
source array 600 has an advantage in that natural light falloff that occurs in a 
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perimeter region of a telecentric imaging system is corrected by the relatively 
higher density of emitters arranged in the perimeter region 612. In addition, 
according to a further feature, each emitter can be individually controlled to 
correct for or minimize drift and maximize flexibility. This individual control 
and flexibility further enables a designer of a print scanner to make sure that 
uniform, flat illumination is provided across a platen. 
[0067] FIG. 6B shows one example according to the present invention. In this 

y h example, non-uniform illumination source array 600 consists of an array of 64 

pj LEDs(Dl-D64). Centerregion610ismadeupof30LEDs(D12-D17,D20-D25, 

W D28-D33, D36-D41, and D44-D49). Perimeter region 612 consists of LEDs Di- 

ll Dll,D18-D19,D26-D27,D34-D35,D42-D43,andD50-D64. 
m. [0068] FIG. 6C shows a non-uniform illumination source array 620 according to 

L another embodiment of the present invention. Non-uniform illumination source 

H array 620 includes a center region 630, intermediate region 632, and perimeter 

%j region 634. In this embodiment, the density of emitters is highest in perimeter 

J! region 634 and lowest in center region 630. Intermediate region 632 has a 

density of emitters in between that of center region 630 and perimeter region 634. 
The present invention is not so limited, and additional intermediate regions can 
be provided to correct for natural light falloff as desired. 
[0069] FIG. 6D illustrates an embodiment of a diffuse illumination system 

having a zone-controlled non-uniform illumination source array 650 and a light 
wedge 420 according to an embodiment of the present invention. Zone- 
controlled non-uniform illumination source array 650 has an array of emitters 
divided into three groups 652, 654, 656. First group 652 corresponds to a first 
zone (zone 1). Second group 654 corresponds to a second zone (zone 2). Third 
group 656 corresponds to a third zone (zone 3). In one example, group 652 and 
group 656 each have five emitters, while group 654 has 19 emitters. Emitters in 
each of groups 652, 654 and 656 are individually controlled as respective groups. 
This simplifies control compared to individually controlling each emitter 
independently but still provides enough flexibility to correct for natural light fall 
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off or drift, so that a flat, uniform illumination of sufficient power is provided to 
a platen. 

[0070] In each of embodiments of FIGS. 6A-6D, current control circuitry (not 

shown) is coupled to the individual emitters or groups of emitters as would be 
apparent to a person skilled in the art given this description. Such circuitry 
provides appropriate current levels to each emitter or groups of emitters to correct 
for natural light fall off or drift, so that a flat, uniform illumination of sufficient 
power is provided to a platen. Such current levels can be set manually or 
automatically in advance as part of a calibration routine and/or adjusted in real- 
time based on feedback from the detected images. 

6. Blue/Green Illumination 

[0071 J In one embodiment, the present invention uses an illumination light 

source emitting light in the blue/green spectrum, that is, a wavelength or 
narrowband of wavelengths equal to or approximately equal to 510 nm, to 
enhance the dynamic range of grey scale shading. 

[0072] The inventors have compared images of prints obtained using 

conventional red light operating at 650 nm and images obtained using blue/green 
light at 510 nm. Results obtained by the inventors indicate an approximately 
14% to 20% increase in the dynamic range of grey scale shading in an image of 
a print of a finger or palm detected with a print scanner using blue/green light at 
about 510 nm. Increasing the dynamic range of grey scale shading in a detected 
print image further causes the print scanner to operate well over an even wider 
range of skin conditions (i.e., dry, wet, oily, etc.). 

[0073] FIG. 7 is a diagram illustrating an illumination scheme for a print canner 

700 highlighting the effect of a blue/green illumination source on a valley of a 
finger according to an embodiment of the present invention. Print scanner 700 
comprises, inter alia, an illumination source 702, a diffuser 704, a prism 706, and 
a camera 708. A finger 710 is placed on a platen. In this example, the platen is 
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a top outside surface of prism 706 or any other surface that receives illumination 
from the top of the prism 706. For example, the platen can be a silicone layer or 
other protective layer or element provided on top of or in optical contact with 
prism 706. 

[007 4] According to one feature of the present invention, illumination source 702 

illuminates a blue/green light onto diffuser 704. The blue/green light has a 
wavelength of approximately 510 nm. Diffuser 704 distributes the illuminated 
blue/green light evenly through prism 706 onto finger 710. The surface of finger 
710 is comprised of ridges 712 and valleys 714. 

[0075] When the blue/green light is incident on a platen/ridge interface at a valley 

71 4 of finger 7 1 0, the light reflects off the internal surface of prism 706 and may 
be directed into camera 708. In other words, where valley 714 of finger 710 
exists, the blue/green light illuminated from light source 702 exhibits total 
internal reflection. Blue/green light that strikes finger valley. 71 4 is totally 
reflected back into the system toward camera 708. In the case of a ridge, 
blue/green light is absorbed for light incident on a platen/ridge interface. FIG. 8 
shows the blue/green light from illumination source 702 being diffused into prism 
706 and hitting ridge 7 1 2 of finger 710. When the blue/green light hits ridge 7 1 2, 
some of the blue/green light 802 is absorbed into finger 710. The more light 
absorbed into finger 7 1 0 at ridge 7 1 2, the higher the image contrast between ridge 
712 and valley 714 for a fingerprint captured by camera 708. Camera 708 then 
detects a high contrast image representative of the valleys and ridges of a 
fingerprint of finger 710. For some angles, diffuse light that falls on the platen 
surface passes through the platen surface and illuminates a valley . Light reflected 
from the skin of a ridge at the proper angle, re-enters the prism and is transmitted 
to the sensor plane. This light enhances the grey scale range and provides a more 
desirable image. 

[0076] According to further embodiments of the present invention, blue/green 

light is used to illuminate a platen in a print scanner. Such blue/green light is less 
than 650 nm, and is preferably at or near approximately 5 1 0 nm. Any type of 
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platen and any type of fingerprint and/or palm print scanner can be used. In this 
way, images having an improved grey scale range are obtained for prints, 
including prints of all or part of finger(s) and/or palm(s). 

7. Conclusion 

[0077] While specific embodiments of the present invention have been described 

above, it should be understood that they have been presented by way of example 
only, and not limitation. It will be understood by those skilled in the art that 
various changes in form and details may be made therein without departing from 
the spirit and scope of the invention as defined in the appended claims. Thus, the 
breadth and scope of the present invention should not be limited by any of the 
above-described exemplary embodiments, but should be defined only in 
accordance with the following claims and their equivalents. 
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